ABSTRACT
INTRODUCTION

54
Several woody perennials involved in Sequoia sempervirens, Sequoiadendron giganteum and 55 Pinus longaeva, can live several hundred years or even millennia (Munné-Bosch, 2007) . 56 These trees can have extremely long life span with several thounsands of years, whose 57 mechnisms about how to regulate or resist aging at physiological and molecular levels has 58 become one of the hot focuses in plant resisting senesences (Chang et al., 2012; Chang et al., 59 2016). Some physiological and metabolic changes during aged have been reported in conifer 60 (Klimešová, 2015; Nemoto and Finkel, 2004) . Increases in telomere length and telomerase 61 activity may directly/indirectly contribute to the increased life-span and longevity of P. Senescence may be considered an adaptive strategy of plants to the prevailing environmental 83 conditions that begins with catabolism of macromolecules such as chlorophyll, proteins, and 84 ucleic acids (Palma et al., 2006; Huang et al., 2010; Gupta et al., 2016) . The decrease in 85 photosynthetic rates is an inevitable consequence of increased size and age in Arabidopsis and 86 Populus (Nemoto and Finkel, 2004; Keskitalo et al., 2005; Bond 2000) . The photosynthetic 87 rate and the balance of forces was broken, and the transcription of related regulatory genes 88 (rbcL, rbcS, petB and psbA) decreased sharply (Hörtensteiner, 2009) . Photosynthesis converts 89 light energy into chemical energy, and the electron transfer in the energy conversion process is 90 regulated by the oxidation reduction (redox) system. Cytochrome c is an important part of the 91 mitochondrial electron transport chain, as well as a major protein that regulates the redox 92 status (Gonzales and Neupert, 2000) . There is a strong relationship between oxidation 93 reduction and lifespan (Reich et al., 2006) . However, little is known about the relative 94 contributions of organelles to the oxidation reduction associated with senescence in trees. non-model plants (Tang et al., 2011) . The differential expression of genes in P. orientalis of 104 different ages has not been reported, and the longevity of P. orientalis is regulated by many 105 factors. Molecular biological methods will be helpful in studying the ancient trees (Peñuelas, 106 2005). In this study, transcriptome sequencing and an expression analysis of different aged P.
107
orientalis (20 ± 3-, 300 ± 100-, 1,000 ± 300-, and 1,700 ± 500-year-old) was conducted using 108 high-throughput sequencing technology. Combining the analysis of gene expression levels 109 with physiological and biochemical data, the regulatory mechanisms of the anti-aging process 110 of P. orientalis at the molecular level is discussed, laying the foundation for understanding of 111 expression differences and specific genes related to aging. 
MATERIALS AND METHODS
115
Plant materials
116
Fresh leaves were collected from the 20 ± 3-, 300 ± 100-, 1,000 ± 300-, and 1,700 ± 117 500-year-old (based on the records from parks) individuals of P. orientalis growing under 118 similar conditions in Zhongshan Park in Beijing (N 39°54′26.37″, E 116°23′29.22″) (Fig. 1) .
119
Twenty-year-old trees (adult tree) were used as a control; other trees were considered ancient 120 trees (each age group with three trees to provide three replicates) (Zhang et al., 2015) . Fresh 121 leaves collected from branches with the same exposure to light and with similar heights and 122 diameters were selected for sampling. Furthermore, the leaves were healthy current-year 123 leaves, and they were selected from trees without large dead branches, plant diseases, and 124 insect pests. The sampled sun-exposed leaves were detached from the outer portions of the Column Plant RNAout kit (TIANDZ, Beijing, China). Then, the quality and integrity of RNA 140 was assayed by a NanoPhotometer® spectrophotometer (Implen, CA, USA), electrophoresis 141 through 1.5% agarose gels and Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, 142 CA, USA). The RNA for transcriptome were obtained from mixing 20 ± 3-, 300 ± 100-, 1,000 143 ± 300-, and 1,700 ± 500-year-old individuals of P. orientalis, Samples were collected from 144 three trees to provide three replicates. The RNA for gene expression analysis were obtained 145 from 20 ± 3-, 300 ± 100-, 1,000 ± 300-, and 1,700 ± 500-year-old individuals of P. orientalis 146 with three biological replicates, respectively.
147
Construction of a cDNA library and transcriptome sequencing 148 Oligo (dT) magnetic beads was used to purify mRNA from 20 μg of total RNA. The mRNA 149 was broken into short segments by adding a fragmentation buffer. Short segments with 150 six-base random primers were used as the template for first strand cDNA synthesis. Second 151 strand cDNA synthesis was achieved using dNTPs, RNase H, and DNA polymerase I.
152
Sequencing adapters were ligated onto the short segments after purification according to the 153 protocol of the QiaQuick PCR extraction kit for discriminating different sequencing samples.
154
Segments were selected for PCR amplification and separated by agarose gel electrophoresis 155 as sequencing templates. The Illumina GAIIx system was used to complete sequencing. The 156 sequencing datasets were deposited in the NCBI database (Accession SRX1757589).
157
Transcriptome assembly and functional annotation 158 Raw reads were filtered by removing adapter sequences and low-quality reads having a Q20 < 159 20 bases. Meanwhile, the Q20, Q30, and GC content of the clean data were calculated. homology search against the public databases using unigenes such as Nr and Swiss-Prot using 168 BLASTx with a cutoff E-value of 10-5. Blast2 GO was applied to receive the relevant GO 169 terms based on the Nr BLAST results with E-value<10E-6. Then, unigenes were used for 170 query against the COG and KEGG database to predict and classify functions and pathway 171 assignments (Tang et al., 2011) .
172
Quantification of gene expression levels and differential expression analysis Table S1B ), and 33.96% of the unigenes were longer than 300 bp ( Supplementary Fig. S1B ).
216
The relative expression level of each unigene was estimated using the FPKM approach and Table   219 S2).
220
Functional classification of P. orientalis unigenes
221
To verify and annotate the assembled unigenes, all of the assembled sequences were initially 222 9 queried against the NR and SWISS-PROT protein databases, using the BLASTX algorithm. between the senescence of 3000y and 20y samples (Chang et al., 2012) . EREBF responded to 401 low temperature, drought, pathogens and elicitors (Pandey et al., 2016; Gasch et al., 2016) . 
